OLEDp - 29L 

{Late-News Paper) 



Efficient OLED fabricated by all wet process using alcohol-soluble 
and wide energy gap organic semiconductor 

Y. Goto , T. Hayashida % and M. No to* 

Kyushu Electric Power Co., Inc., 2-1-47 Binobarm. Mimran-ku. fmktioka 815-8520, japan 
* Ditfen Co ! d >33<) Na) usukuma Mij ki-chyoti Saga 849-01 14 Japan 



ABSTRACT 

We demonstrated hkhly efficient OLED fab- 
ricated bv ali wet (m^ entplnyma the electron trans- 
{Htfting materia?, called DYETM-4. DYETM-4 has 
wide energy gap of 4.26 eV. The ali wet processed 
OLED using electron transporting DYETM-4 exhibited 
efficient BE pet aofm.mce; maximum em-rent efficiency 
.'/,.,,,, was. evaluated to be 4E?u$ A' 1 ( an external quan- 
tum efficiency ~ I i />-•») at an applied voliage of 9 V at 
a luminance of 57.4 cd m ; 



INTRODUCTION 

In organic tight-emitting diodes (OLBDs), ex- 
treme improvement of electroluminescence (EL) quan- 
tum efficiency was brought about by ihe employment of* 
multi-layered sintctittes of organic semiconductors {1.2}. 
hi addition, oiiploymeti! phosphorescence materials as 
emissive material provided ftiribet advance in EE effi- 
eieiicv through improvement external igtantum cfli- 
ciency by using luminescence from tripfel-exiied 
state, [3,4] 

Wet process, in which films of organic semi- 
conductors are prepared from their .solutions ] 5,61, ' s 
expected lo be a promising manufacture process of 
OLED because application ofuik-jet printing technique 
to the wet process makes low-cost production of 
large-si/t- and high-tesohukm OtEDs display possible 
However, this process has difficulty in constructing 
multi-layered structure Pui preparation of multi-layered 
OEEf) with well-defined strticttirc by using wet-process, 
therefore, it is indispensable to develop organic semi- 
conductors having large difference in solubility [7,8,9]. 

lu this: work, we demonstrated efficient OLED 
fabricated by all wet process using alcohol -soluble or- 
ganic semiconductors having electron-transporting and 
hoie-blockmg properties, in this presentation, we will 
report film (justifies and photo -electric property of the 
alcohol-soluble organic semicotiductors. device per- 
formance of the OLED fabricated by all wet process. 

EXPERIMENTAL 

hi {his work, We employed poly; 1,4 lefhylene- 
droxyfhiopheoe ■■ poiysthrenesulphonate tPEDOT-PSS) 
\6] as hob i iss i n iayei p dyD vmyk iri i 4 ) 
(PVC/p doped with trist2-pheny ipytidiuetiridmrn 



(flippy to guesi as hole-transporting and emissive layer 
j'4j and organic semiconductor, named DYETM-4, as 
electron transporting layer Organic layers of 
PBDOT-PSS (4S«m>. PVCz doped with 6.8 wt% 
Irippy), (60nm) and DYTEM 4 pOtira) were prepared 
by spin-coating from aqueous solution, tetrahydroloran 
suhii.ion, and 2-prop.tnol soluiion, respectively. These 
iilms were iabneated in N- atmosphere. The films of 
PBDOT-PSS PVCs.tifpi > VI 1 wm dried 

in a dry oven at 120 \\ 70 (> C and 95 "C, respectively. 
1 ben lithium fluoride (0,5nm.> and aluminum nOOnm.) 
fshii were successively vacuum-deposited as a cathode. 
Fi>r the comparison, to -layered device having a vac- 
uum-deposited DYETM-4 layct <3(toiu) was also pre- 
pared. 



RESULT AND DISCUSSION 

I tie glass transition temperature and energy 
il < t llil i Si 1 i \ dum m Ix .40 ( .nd ) 2o 
eV by DSC measurement and absorption edge of 
spin-coated film, respectively, in addition, the electron 
affinity of DYTEM-4 was evaluated lo be 2.74 eV by 
cyclic voitannueiry measurement. 

Die tihn quality of spin-coaled DYETM-4 
films was evaluated by Atomic force microscope 
iAfM.!. for surface roughness,, the arithmetic mean 
deviation of the " surface profile (Pa). 
rf-0/PE!X> , T--PgS/PVC:.z.ir(ppy. ; bum was 0.7 turn 
Those of wet sad dry processed 
ld."f:).d- > ED(:>d"-PSS.dA.X.'z:f:-tppyf ; T)YET"M-4 films were 
0.2 urn and O.r'rtm, respectively. 

til ihe all devices, green EE due to phospho- 
rescence from ipppyi; doped in the PVCz layer was 

nb> !\cd. ihe f 1 >pti.m> LUIjL-tH.'ldeil HUll plu-spliO 

resceih spectrum ot hippy).-, peaking ai 515 mm 

Figure I shows applied voltage - EE intensity 
Ciamric! .no oi all wet puxe-sul OS! D ustng 
DYTEM-4 and device with vacuum-deposited 
DYETM-4 film. The values of driving collage of ihe 
devices at IPOed m were i.l t . lie b.hb 
that of the device using ipppvf doped CRP a, e.niss.ve 
layer: 9 6V for the all wei process device, 10.2V for 
dewtv nsiufi Sdcnoni-deposiUd and " S \ ini the de- 
vice using Irfppyh doped CBPf it 1 ]. The relatively high 
driving voltage may be due to low carrier mobility of 
the PVCz film. 
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i 0**10 -ij-sxnianEaicaj^j 



EI, intensity characteris- 
ed OLED (snusie) ».nd dry 




Pig. 2 Current density •• EL intensity and external 
quantum, efficiency characteristics of wet proc- 
essed OLED (square) and dry ptocessed OLED 

hi figure 2. eutrent density - EI, intensity and exter- 
na} quantum efficiency chat aciensttcs were shown. The 
value of maximum current efficiency of the all wet 
processed device was enhanced comparing to (bat of the 
device with DYETM-4 film fabricated by vacmiai va- 
por deposition; r/ [fa5 - 41.7 cd A' 5 (9 V, 57.4 cd ur, an 
external quantum efneienev <?y x -= }},6%) tor ilte a[j 
wet processed device with i>Y! fM ? layer whereas 

- 35.4 cd A" 1 { 14V, 2113 cd m"\ % - 9.8%) for 
the device with vacuum-deposited DYETM-4. M;t'<i- 
tman EL intensity of the alt wet process device was 



15.tttw.cd m in t kiiti in i > hi ;h hole-blocking 
capability of DYETM-4, higher triplet state (T,) energy 
level of DYE1M-4 is most likely to provided the high 
11 performance. T he 1 of DYETM-4 and fu>rv 
were evaluated to be 2.64eV and 2 3eVj 1 1 j by the 
phosphorescence peak., respectively. The triplet energy 
ftarssier from hippy), to DYETM-4 was not occurred 

toiM.ii i n>M [v inshd ti lti iupp>) 

\s a resul Id cni IT, wa « ut d 



CONCLUSION 

We successfully prepared high efficient 
OLEDs by ail wet process iisinc ale.ohul-sohtbk organic 
semiconductor, DYTEM-4. In all wet processed device 
using DYTEM-4 as electron transporting laver, 

ito/ppdot -pss/pvo. ecppv>edyi fam/uf/ai. 

hi&bh eiikaeat green 1 t was demonstrated the inter- 
nal qnarimm efficiency over 50'E was suggested by the 
external quantum efficiency observed. The good EE 
performance of the all wei processed device demon- 
strated that DYTEM-4 has good electron-injection, etee- 
trou-transporting and hole-blocking capability. 
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